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Abstract
In our present age there is a dire and growing need for energy. Nations that are modernizing
continue to require more for their expanding populations. The old way of creating energy
through non-sustainable methods such as, gas extraction, coal burning, and oil drilling is
becoming ever more environmentally hazardous on a global scale. There are alternatives already
being implemented today and one promising industry that will help move our dependence off of
non-sustainable resources to sustainable is solar energy. However, while solar energy is
completely sustainable and up to the task of mass consumption, how will it grow economically
and effect our dependence on non-renewable resources? What exactly is happening to bring it
into communities it purports to assist and stabilize? Different regions will obviously benefit
more than others in relation to their access to sunlight and energy requirements but all societies
can harness to some degree this awesome power. This study explores some of the current issues
in energy dependence and inequality especially that facing Nicaragua due in part to American
Intervention and environmental circumstances. Recently Socially Responsible Companies have
focused on energy inequality through initiatives such as investment in solar power to bring
electricity the poor in Nicaragua. It also explains possibilities to this issue for Nicaragua and the
United States by addressing energy reforms in Germany. Exploration of quantitative studies will
frame the issues along with information I will gather from experience first-hand. This is
highlighted in a ‘voluntourism’ based expedition that pairs volunteers with a sustainable solar
energy company in order to provide electricity to a small rural community. I went on such a trip
in March 2016 to install a 1kW solar electric system on the rooftop of a school and personally
saw how such initiatives are designed and implemented. Finally, analyzing the data from
governmental reforms, market economy trends, socially responsible companies and
2

environmental calamity, this paper looks to make recommendations for continuing the growth of
sustainable energy projects that protect the environment, modernize communities by
strengthening their economy and enhance their energy independence.
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Introduction
The achievement of greater energy supplies has been the pursuit of nations since man
needed ways to increase his output of work. In this race to resource and consuming supremacy
the United States has come up on top with the 4% of the population consuming 16% of global
energy. It hasn’t achieved this energy and resource wealth independently. It has certainly
benefitted on the backs of other nations. The future of energy reserves and prices will strain the
smaller economies that cannot compete with much larger countries for resources such as oil, coal
and gas.
Nicaragua is a country that America has greatly affected politically, economically, and
environmentally since the early 19th century. The United States purports to have had a policy in
Central America that was designed to favor democracy, modernity and capitalism. However, the
United States has a reputation in Central America and Nicaragua of political intervention and
economic exploitation. This thesis will look into the history thorough the present from these two
perspectives and as well as the promise of energy independence through initiatives like the
marketing of the solar energy industry.
As of recent years, there has been a stark increase of illegal immigrants into the United
States from Central America. The main reason for this exodus has been because of violence,
lack of jobs and economic hardship furthering the flight to possible prosperity. It is in the United
States interest to understand and respond to these issues prudently in order to lessen the flow of
immigrants and refugees fleeing poverty and danger. There are many factors to consider and
how best to implement an effective strategy in these troubled and impoverished nations. The
scope of this paper will deal with Nicaragua because this country is a potent example of a region
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where the United States has historically been a key player in its political and economic affairs.
Also, this country has great potential for improvement through political stability and renewed
investment in its sustainable energy infrastructure. This overhaul to the old reliance on
petroleum and coal will unfetter the economy and raise the standard of living. It is a sad fact that
Nicaragua is the 2nd poorest nation behind Haiti in this region. Most tragic given its history and
rich deposits of renewable natural resources.
One such strategy that will have considerable influence on this country’s improvement
is the universal distribution of sustainable energy and effective management of these services.
The role of solar energy has recently become an important means of solving traditionally
separate yet over lapping issues within third-world countries in order to maintain stability
sometimes referred to as the ‘energy trilemma’.1 The government and private sector are already
working together in this country toward such a path. This paper will also explain why solar
energy has only begun to spread now, and why it shows promise in many other places as a vital
component to energy independence and economic stability.
Chapter 1 will illustrate the prescient issues within the energy trilemma with a focus on
Nicaragua. This will include quantitative information and visual data that frames the energy
economy, the obstacles to changing global energy infrastructure. The effect of climate change on
equatorial nations will be considered in order to further understand these relationships that
exacerbate the challenges. Finally, unsustainable resources will be looked at and to what degree
they have been utilized. This will allow us to better see the scope of the challenges facing
Nicaragua today. Chapter 2 will discuss the history of Nicaragua since European and US

1

Andrew Scott, The Energy Trilemma for Developing Countries, 3AUG2012
http://www.developmentprogress.org/blog/2012/08/03/energy-trilemma-developing-countries
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involvement. A look at the extent to which the United States has been instrumental in its
political and social struggles will be explored. It will also illustrate the debilitating consequences
of that involvement economically to show just how integral the United States has been
historically to the welfare of Nicaraguans. Chapter 3 will explain why solar energy is a solution
and its potential to positively affect the welfare and livelihood of Nicaraguans. A brief history of
solar energy will be given, how it works and where improvements have been made in order to
make it more cost-effective. It will also show where it has taken root and sprouted in the last 15
years and what needs to been done in Nicaragua by the government to harness and utilize this
sustainable resource. Chapter 4 will give an explanation of Sustainability and socially
responsible businesses. It will highlight one such company that is bringing solar energy to rural
communities by acquiring, installing and maintaining de-centralized solar grid panels. I
personally assisted in this effort and will use my experience to further illuminate these changes
being made one community at a time. Chapter 5 will include in this chapter the latest news of
the political and economic climate on Nicaragua and its future policies and why this is not only
part of the solution to Nicaragua’s predicaments and look to similar projects so far that have been
completed in its communities in order to evaluate the benefits and sustainability. Reiterate the
salient points discerned from the previous chapters. It will recommend solutions that outlines
what is working now and what can be improved upon, and how that should be implemented.

Chapter 1: Rise of the Energy Trilemma for Industrial Nations
The Ecology Gets Another Dire Prediction. In recent years, there is now
overwhelming evidence that these subtle annual increases of temperature are related to the
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buildup of waste products from our energy use that increasingly cannot be recycled by mother
nature alone. The growth of industrial nations and their booming populations will stridently
challenge the energy reductions and conversions to non-polluting renewables that are needed to
offset the global warming taking place and the pledges made by over 150 countries at the Paris
Climate Summit representing 90% of global economic activity.2
In order to understand the enormity and severity of this ominous course there are some
likely consequences that must be taken into account. Such as what happens when the global
temperature rises 2 Degrees Celsius in this century. For some nations it will create economic
boosts through additional land use and increased energy reserves such as North America and
Russia.3 But, Central American and African countries near the equator will reap the worst of
these climate changes. In struggling societies with economic and political instability due in part
to energy inequality any further ecological disruption will escalate the destabilization that
plagues these harsh and hot regions.
This energy resource issue is global in scope and has the complexity of having to solve
multiple issues at the same time which do not always share the same solutions. It is will take
unprecedented research and collaboration unseen in the history of society. The Millennium
Ecosystem Assessment (MA) as it is called will help to shed light on just how strained our
ecosystem has become and where that will intersect with human well-being and the poverty
reduction as part of the United Nations Millennium Development Goals.4

2

World Energy Outlook 2015: Fact sheet, The Energy Sector and Climate Change in the Run up to COP21

3

Easterbrook, Gregg. "Global Warming: Who Loses-and Who Wins." Atlantic Apr. 2007. Web. 12 Apr. 2014
1.3.2 Human Well-being and Poverty Reduction, P.12,
http://millenniumassessment.org/documents/document.765.aspx.pdf
4
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The challenge has been to understand what happens when the world population grows by
3 billion people in the next few decades and how this new demand on resources will stretch our
delicate ecosystem. The dedication of first-world nations to reduce poverty and pollution will
demand innovation as we race against the swelling of new generations being born into despair
and the inequality of energy resources that are available to them. Making matters worse, more
people are moving into cities at faster rates and less are living in rural areas. This is also a byproduct of industrialization. Yet, the more vulnerable places are the rural regions that produce
agriculture and so can easily fall prey to erratic weather such as immense storms or increased
droughts which has been occurring more often than at any time since it has been recorded.5 In
order to see the whole picture nations are cooperating though public and private endeavors to
identify mutual goals, assess the trade-offs involved in implementing solutions in one area that
affects another necessary resource such as fresh air in cities over the increase in energy
consumption.6 The task is immense.
The crux of the issue is to figure out how to bring for the first time energy to millions
while lessening the byproduct of greenhouse gases that is increasing the warmth of the planet. In
addition to this, there must be an economic incentive or otherwise it will fail to persuade
modernizing nations eager to support their people’s demand on energy. The International
Energy Counsel predicts that fossil fuels will be increasing in demand globally comprising the
overwhelming majority of energy sources. This will increasingly come from the OPEC countries
of the Middle East that have already shown their willingness to manipulate the amount of oil

5

Luann Dahlman, 30 Aug. 2009, Climate change: Global temperature, NOAA, https://www.climate.gov/newsfeatures/understanding-climate/climate-change-global-temperature
6
Ecosystems and Human Well-Being: A Framework for Assessment
http://millenniumassessment.org/documents/document.765.aspx.pdf
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exported in order to increase demand and boost prices. This market volatility is not feasible for
poorer nations to contend with. As the IEA has predicted, the world’s appetite for electricity will
increase by more than 70% by 2040. A staggering 70% of oil demand will come from
developing countries in this generation. Gas production will increase by about two thirds by
2030. 7

As extraction and processing costs increase, prices will also increase. This too will

slow the international trade of gas and the demand will likely surpass the output straining the
countries dependent on imports.8 Coal is another unsustainable fossil fuel and its demand will
also rise globally. An estimated 50% or more of reserves is located in some of the largest
economies and consumers of energy namely the United States, Russia and China.9 As economic
policies change to adapt to the containment of global warming, fuel prices will also go up to
reduce production, consumption and waste.
What Comes of the Small Equatorial Nation? All this vying for energy will starve any
small economy that is heavily dependent on foreign imports of unsustainable resources. It is
through necessity that governmental changes in Nicaragua are altering the energy infrastructure
there to bring about energy sustainability and economic stability. Nicaragua has struggled to
continually provide electricity to its citizens. Ironically, while the poorest nation in Central
America it also has the highest energy costs. This is due to the fact that until recently it was
relying on foreign oil for upwards of 70% of its oil consumption. It was thwarted by this
economic burden to improve the energy shortages it faced and the reliability of its electric grid.

7

World Energy Outlook 2006: Fact sheet- Global Energy Trends, The World’s Energy Future: Where are we
Headed?
8
WEO 2006: Fact sheet- Global Energy Trends, The World’s Energy Future
9
WEO 2006: Fact sheet- Global Energy Trends, The World’s Energy Future
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In fact, Maplecroft, a global risk-analysis group lists Nicaragua as one of the ten most
vulnerable countries in the world to natural disasters. In the last 50 years Nicaragua has seen its
average temperature increase by 3 degrees centigrade.10 This has caused change in seasonal
temperatures and erratic rain cycles meteorologists have explained. Farmers have faced this
negative impact through loss of crops and flooding disasters. “Since 2006, it is estimated that the
country is losing 200 million dollars annually over loss in agriculture production due to climate
change” says Dr. Paul Oquist, president Ortega’s private advisor for national development
policies. At this rate of energy consumption and global uncertainties it will likely get worse for
the poorer nations like Nicaragua to the south before the greatest economies like the US feel the
squeeze.

Chapter 2: The History of Involvement in Nicaraguan Political Affairs
When the Americas Meet the European Explorers. The land of Nicaragua has since
the 16th Century been in conflict with 1st world powers for governance over its people and
territory. The plight of the indigenous people began as soon as the Spanish Conquistadors set
foot on their land. Central America was looked at as fresh territory to expand an empire and
exploit resources they found to have any worth. This initial occupation had a staggering impact
on the native population that neither understood their visitor’s intentions for exploration or the
wrath that was to come from the diseases unwittingly unleashed upon them.11 It wasn’t only the
land and seas that were seen as entitlement for the European powers but slave labor from the
people as well. Thousands were taken from their land and sent to other territories in order to
10
11

Tim Rogers, Nicaragua Dispatch 13 Feb 2012, Oquist: Nicaragua Can’t Wait On Climate Change
Thomas Walker, Nicaragua: Living in the Shadow of the Eagle. 4thth ed. Boulder: Westview Press, 200, p.11.
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labor until death for the sake of increasing the wealth of foreign nations.12 The Spanish that
came over were overwhelmingly male and so there began an ethnic hybridization with Indian
women whose offspring became known as ‘Mestizos’. In addition to the permanent change in
the gene pool of the American Indians, there also came a religious enculturation of the Roman
Catholic Church by missionaries purportedly there to spread the word of Christ and alleviate
suffering. The Church which is still held in veneration and wields considerable social influence
since taking a political stance and supporting the liberation theology popular there in the late
twentieth century even till today.13
It is a lamentable fact that Nicaragua holds such geographic promise for trans-ocean
trade. It wasn’t long after Spain entered into the destiny of Nicaraguans that the British Empire
also saw promise in exploiting Central America and began a campaign on the other side of the
Atlantic in order to colonize and expand its wealth. It would not be until 1821, that the New
World in the Central Americas as it was regarded successfully expelled the Spanish ruling class.
However, it was still under the authoritarian rule. After another 15 years of civil strife the region
of Nicaragua seceded from what was then the Mexican Empire and declared its independence.
Just after this Declaration in 1834 slavery as an institution was officially abolished.
The United States Asserts It’s Right to Intervention. During this time, North America
was evolving into the dominant power in the Western hemisphere and sought to expand its
influence southwards by intervention of political and economic affairs. It felt justified to
intervene in Latin America because of their rising status and proximity to other American
territories. This philosophy was articulated in 1823 by American President James Monroe and

12

13

Thomas Walker, Nicaragua, p.11
Steven White and Esthela Calderon. Cultures and Customs of Nicaragua. Westport: Greenwood Press, 2008 p.31
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became known as the Monroe Doctrine. From then on the United States would see to it that
Latin and Central America were under the ‘protection’ of Washington DC. The US also strongly
considered a trans-ocean canal along with British Empire. In order that both powers could profit
instead of quarrel over rights to this region, it jointly signed what was known as the ClaytonBulwer Treaty.14 Neither government sought or concerned themselves with the Nicaraguans
who lived in this highly contested region. Once again colonial powers deliberated over control
of foreign territory with the sole aim of maximizing its own power and influence.
Nicaragua was at this time being systematically coerced on how to govern its territory.
One which favored the economic interests of the United States. It was a capitalist view of
prosperity through corporate enterprise and unfettered by regulations. This Conservative party
of the government was constantly bolstered and assisted by foreign investors, businesses and
other national powers. In 1856, the US sent an ambitious politician to solidify its governmental
influence. The political adventure known as William Walker sought to effectively annex the
country for America and revitalize the institution of slavery. This blatant unjustified use of
power to exploit the fledgling country was seen as a militant act by the United States in order to
once again subjugate the people of Nicaragua. In what was known as the ‘National War’ locals
revolted against Walker and did eventually succeed in ousting him and the economic prospects
of a foreign dictatorship for the time being.15
It wasn’t long after that debacle that the U.S. renewed its interest in profiting from
Central America. As a fertile agrarian society there was much to grow and export. The rich soils
of Nicaragua which at this time were predominantly producing coffee but with foreign

14 14

Thomas Walker, Nicaragua, p.13
Hazel Plunkett, Nicaragua in Focus: A Guide to the People, Politics, and Culture, 2nd ed. (Brooklyn: Interlink
Publishing Group: 2002) p.12
15
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investment and influence diversified its crops in order to harvest other natural resources like
cotton, cattle, timber, and bananas. A good number of American companies had owned the
rights to these lands producing lucrative industries for themselves, so much in fact, that when the
political climate there turned against North American enterprises at the turn of the 20th century
U.S. Marines were deployed to Nicaragua in order to suppress political opposition and protect its
investments.
This military intervention did initially silence the Nicaraguans who thought the US was
growing richer at their expense and the national resentment would eventually lead to greater and
more resilient revolts. In 1927, a simple mechanic by the name of Augusto Sandino would lead
his people in guerrilla warfare against what was largely regarded as a military occupation by the
United States. The response by the American government to this new insurrection was the
deliberate bombing of civilian targets.16 This was done ostensibly to punish the citizens and
force a surrender by Sandino and his bandits. Instead it had the opposite effect and bolstered
greater support for the national uprising.
The United States did eventually withdraw its Marines and cease military efforts to
control its interests and instead began on a more insidious campaign. An indigenous militia was
started and would be trained as a national guard that in effect protected a propped up ally of the
US by the name of Anastasio Somoza. Under the pretense of negotiating peace Sandino was
betrayed and executed by the new government thereby immortalizing the brave rebel fighter as a
symbol of national pride and independence.

16
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President Somoza, the new ruler used any kind of influence at his disposal to protect his
position and accumulate greater wealth. He orchestrated two political parties with rigged votes
and the semblance of democracy in order to satisfy the concerns of North American Allies.17 In
truth, this new dictator was worse than the previous government that had brought about peasant
uprisings in the first place. With the aid of the United States, Somoza continued a widening gulf
between inscrutable land owners and the vast multitudes of laborers. When Somoza was
brazenly assassinated by his own people, his son immediately took his place as head of the
dynasty. It would take another massive revolt to overthrow the corrupt rule of the Somoza
family.
During this time political labels were thrusted onto the revolutionaries that sought less of
a socio-economic divergence and a greater quality of life for the overwhelming majority. This
grass-roots political movement was strongly considered a communist scheme to facilitate an
overthrow of Western democratic governance in the region. In a post-World War II era, this was
the ideology of the enemy and demanded intervention once again to protect the expansion of
Soviet influence. The Sandonista Party against the former dictator had intentions of restoring
large estates of land back into the hands of those that worked upon them and consequently would
hamper the American corporations that up till then enjoyed maximum profits through nominal
taxation and few regulations.
This disgruntled the Superpower and sought to again restore the semblance of democracy
that it preferred. The National Guard once more financed by the US soon appeared after the
overthrow of Samoza and because of their militant tactics would continue instill fear through

17
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violence. This was a para-military political force designed to sabotage the stability of a fledgling
government and the economic prosperity of Nicaragua. Its heinous exploits were justified as
liberation fighters though it seemed to favor the neo-liberal style of western markets that
ultimately benefitted the much wealthier nation to the north.
There was nothing subtle in the tactics used by the United States to punish Nicaragua for
exerting its autonomy and choosing for itself the how best to utilize its agricultural wealth.
When the government decided to limit the planting of cotton because the product did not
generate much revenue to Nicaraguan society, the United States responded with a trade embargo.
The US government cited human right violations and corrupted government policies to justify its
economic sanctions on this impoverished country. This meant that Nicaragua would have to find
other buyers and financers to feed their anemic economy. Since the the United States was at that
time its biggest customer, it did considerable harm to an already impoverished nation.
This was in addition to the overburdened national expenses on domestic security that
necessitated half the country’s budget in order to combat the terrorism of the National Guard that
was trained and supplied by the CIA. During the Reagan administration this covert operation
was boosted by selling weapons to Iran for their war with Iraq and the profits funneled to the
CIA in order to prolong a murderous insurgency. When this surreptitious arrangement came to
light it became known as the Iran – Contra Affair.18 It was then that independent organizations
such as Amnesty International reported on the atrocities of the counter-revolutionaries back by
the CIA known as the Contras.

18

Caistor and Plunkett, Nicaragua in Focus, p.21
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The U.S. protested any reconciliation between guerrilla fighters and the established
government. However, much to its chagrin Central America had enough of continual violence
and opted for peace. The crippling damage was done however, decades of political and
economic turmoil caused massive inflation and meant that austere spending measures would be
necessary in order reign in spending and re-legitimize the domestic currency.19 This meant
drastic cuts to governmental services. The consequences of these policies meant that public
institutional necessities like health and education were decimated which brought on more
unemployment and poverty. Without governmental services and spending the need for survival
meant the proliferation of panhandlers, prostitutes and criminals. Things were worse than they
had been during the height of conflict with an insurgency that terrorized the citizenry and nearly
bankrupted the government on military spending. Poverty became ubiquitous and chronic. As
of 1995, an independent economic research institute categorized the urban population as 66%
‘poor or severely impoverished’. In the rural areas it was even more dire for the people with
75% living in poverty.20

Chapter 3: The Recurring Rise of Solar Energy
What Is Remarkable About Solar Energy? Solar energy has been used for ages in
some form or other. The Sun has in fact created the deposits we mine today and burn as fuel.
The energy sources we heavily rely on namely oil and coal are concentrated forms of energy
within decayed matter that has taken millions of years to create. The first uses of the Sun’s
direct rays however, have the collection or redirection of light. This kind of energy usage is

19
20

Caistor and Plunkett, Nicaragua in Focus, p. 24
Hazel Plunkett, Nicaragua in Focus, p. 49
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known as passive solar energy.21 It is simple and does not involve any kind of energy conversion
into electricity. It is still used today in a building structure’s design to maximize sunlight
exposure such as a greenhouse. This method is used even today as the most inexpensive,
simplest source of heat for homes or water.
The solar power system that is being discussed here is called ‘active solar energy’ and
the main difference is that the Sun’s rays are converted into another form of energy and/or stored
for use. This includes thermal heating such as the manipulation of heat rays to the generation of
electricity through the photovoltaic effect. The science behind this phenomenon was discovered
in 1839 by Edmund Becquerel. The photovoltaic effect is the phenomenon that certain materials
produce an electric current when they are exposed to light. Hence why the solar energy collected
and being utilized today on buildings and homes across the world are harnessed called
photovoltaic (PV) cells and laid out together in a collection known as PV panels.
Upon their surface when light hits it there are one of three reactions either reflection,
absorption or just passing through it. On any surface there is a combination of the three but these
panels are designed with the use of altered silicon. This because silicon alone is not an effective
conductor of electricity so other elements are typically added. On sun facing side is an addition
of phosphorus known as the Negative (N)-type which has an excess of electrons. On the bottom
side known as the Positive (P)-type is boron with a deficiency of electrons. When electrons
move from the N-type side to the P-type it is because there are too many in one region flowing to
the other. Between these two sides is a flurry of activity that creates an electric field. In this

21

Travis Bradford, Solar Revolution: The Economic Transformation of the Global Energy Industry. Cambridge: MIT
Press, 2006, p. 91
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region there are fewer electrons overall having an electric potential. The movement on the NType side has created a ‘hole’ that lost an electron to the P-type side. As the P-type is receiving
electrons it’s also creating a force that attracts back onto the holes at the N-type side.22
See diagram for visual of this precise explanation:

Figure 1: Anthony Fernandes, American Chemistry Society,
http://www.acs.org/content/acs/en/education/resources/highschool/chemmatters/past-issues/archive-2013-2014/how-asolar-cell-works.html?cq_ck=1396892718960

The Sun with its solar rays carries photons or particles of light that strike this surface and
if absorbed allow other electrons to fill holes on the other side of the plate. The circuit that leads

22

Michal Zimesnick, How Solar Panels Work, 27 April 2011, http://renewableenergyindex.com/solar/how-solarpanels-work
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to a load will allow electrons to flow along as well assisting in the rebalancing of the Postive and
Negative sides. Not all the photons coming at the panel are absorbed and so the energy from the
Sun is captured for use at an efficiency of around 5-15% for typical PV panels.
See diagram below for Photon and Electron movement:

Figure 2: REUK.CO.UK-The renewable energy website, How do PV panels work, http://www.reuk.co.uk/How-Do-PV-Solar-PanelsWork.htm

If So Elemental and Abundant, Why Hasn’t It Been Used Sooner? It would seem
that this inexhaustible energy source has unlimited potential, and this is indeed so. But it is vital
to point out that the popularity and rise of solar technology has been around and passed over for
decades beginning as early as 1870’s. The first modern inventions to harness solar energy
20

consisted of simple bowl shaped mirrors that could act as solar cookers and sheet of water.
William Adams a British engineer invented a boiler engine by manipulating mirrors to
concentrate solar energy. He also used this method of extreme heating to desalinate water while
thirsting on a British expedition.23
Another inventor by the name of John Erickson who is credited as designer of the first
iron naval ship to fight for the North during the American Civil War, also managed to come up
with a solar powered engine. His invention lacked reliability and sometimes struggled with
adequate efficiency; limited to sunny days only. In his time the essential and corresponding
necessity for a power storage device to regulate adequate energy was not yet solved. Some three
decades later another visionary entrepreneur sought to commercialize solar energy. An
American named Frank Shuman already a successful inventor devised a radical and sustainable
energy system that would power irrigation by concentrating heat to boil water. This would
produce a steam engine that could have multiple applications and zero combustion pollution. He
also was thwarted by lack of investors and energy moguls that considered it undesirable because
while it may have had a cheaper operational cost and safer emissions (a consideration barely
pondered over), its higher initial installation costs were deemed economically untenable.24
These remarkable inventors were inspired and visionary. They were the first in their
societies to see the potential of harnessing the Sun for electrical and thermal power. However, it
was unfortunately timed because the Industrial Revolution was taking off and the industry was
moving in the direction of coal and petroleum as the major sources of energy production. This

23
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continual investment in its extraction, production and combustion proffered lower prices and
increasing efficiency. As these markets grew stronger, petroleum and oil companies
overwhelmingly overtook the energy sector defining the energy infrastructure of the next
century.
The End of Energy Security and Oil Price Volatility. Solar power would not face
another attempt at entering the energy market until the 1950’s. In 1954, researchers at Bell Labs
company designed the first official photovoltaic cell. This invention is the hallmark of the solar
energy industry today. Over the years continued research led to greater optimism and refinement
of photovoltaic technology. The first initial real boost in popularity of solar energy came during
the oil crisis of the 1970’s.25 The OPEC countries that controlled the majority of petroleum
exports decided to display their influence on global energy supply and prices. For first time
Americans and other first world countries saw their vulnerability to arbitrary price increases
controlled by this small region of the world.
In reaction to the volatile economics of oil prices president Jimmy Carter approved three
billion dollars towards solar energy development and restructuring of America’s energy
infrastructure. This policy had great promise and popular public support. At this time the United
States was the leader in the global funding towards renewable energy development. However, in
the 1980’s a new administration meant a change of renewable energy policy. Under President
Ronald Reagan the importance of decreasing our vulnerability to price spikes and oil shortages
lost its momentum.26 As oil prices stabilized and the scare of market volatility subsided so did
the public support for alternative energy investment. It seemed that large petroleum and oil

25
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companies such as British Petroleum, Shell and Exon Mobile were not onboard with the change
of status quo and further undermined solar initiatives by disseminating misinformation and
buying up the fledgling start-ups in order to control the solar technology.27 This tactic and would
resurface anytime alternative energy became part of the public policy debate.
Solar Energy Industry Sees its Resurgence Germany. Solar energy and renewable
technology has been kept alive in the heart of the European world. Germany which has for
decades been innovating and gradually changing their energy infrastructure with model energy
projects such as the pledge to fit 100,000 homes with solar-power, and other successful
initiatives that have seen vast wind farms spread throughout the country. It had the right policies
to push it along commercially the through the beginning of the millennium. In order to do so it
had to make renewable energy beneficial economically to private citizens. Per law, the utility
companies had to pay a kind of ‘feed-in’ tariff to those energy customers producing excess
energy that was feeding into the grid. This law made sure investments into renewable energy
paid off. As Hans-Josef Fell a German politician who co-wrote this feed-in bill had said “my
basic principle…was the payment had to be so high that investors would make a profit. We live
in a market economy, after all it’s logical.”28
See diagram of PV installed in Germany:

27
28

Travis Bradford, Solar Revolution, p. 99
Robert Kunzig, “The Will to change” p.56
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Figure 3: Mega Watts (MW) of peak capacity installed from 1990-2004, Solarbuzz, 2005

By creating a boom in the demand for solar panels, production increased and the cost of
manufacturing and distribution came down incrementally to a point where it became nearly
competitive with fossil fuels. As the market grew for solar power systems, confidence in its
capability further strengthened the methods of production to the point of decreasing the cost per
watt to consumers.
Additional fees took the burden off the federal government which usually pays for this
kind of incentive thorough subsidies and tax raises but instead urged the utility companies to
create a sur-charge on resident’s electric bills. This moderate increase in energy bills comes to
around 20 Euros a month. Which is largely acceptable because payers know that this additional
charge is directly related to the costs for utilizing for electricity from renewable resources.
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Therefore, to the energy customer, the environmental benefits must outweigh the monetary
concerns or burdens to the average German worker.
See diagram of decreasing costs to solar customers:

Figure 4 IPCC Special Report Renewable Energy Sources, May 2011, 1976-1985 (see top right), Data 1985-2001 by Paula Mints,
Solar Services Program

What has Galvanized the German People to Eradicate Energy Liabilities? The
catalyst this time has been in the wake of the nuclear disaster at Fukushima, Japan. Nuclear
power is seen by some as a zero carbon emission energy source that should be part of the future
of the sustainable energy solutions. There is a risk starkly different from the kinds well known
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by traditional non-renewables and its escape can create an immediate and long-term catastrophe.
In 2011, after Japan’s meltdown crisis due to the severity of unforeseen repercussions to Earth’s
ever shifting crust, there was a public outcry over nuclear power so vociferous that it pressured
their government to declare that Germany would be shutting down all remaining 17 nuclear
reactors by 2022.29
The persuasive power of the citizens of Germany has shown hope of what policy changes
can take place when grass root organizations opposed to reckless dangers of short-sighted energy
consumption. It’s a clarion example of the public’s ardent concern not just for the environment
but over economic instability because of their dependence on foreign oil and gas. These policies
have an astounding 90% approval rating for renewable energy restructuring. As of 2014, 27% of
electricity generated has come from renewable sources such as solar and wind. This is a threefold increase over what it was in 2004 and more than twice what the United States gets today.
Germany is on pace to reach their next goal of cutting carbon emissions by 40% in 2020 and at
least 80% by the year 2050.30 Not a small feat for the world’s fourth largest economy.

Chapter 4: What Socially Responsible Businesses Are Doing with the Solar Energy
Reprise
What Is a Socially Responsible or Sustainable Business? In recent years there has
been a new term going around to describe businesses that are changing with the attitudes of the
public and acknowledging that resources are not inexhaustible and can negatively affect the
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ecology. This has been a long time in the making due to the unbridled consumption and growth
of companies that put profits before worker safety, community, environmental harm, or resource
depletion.
In order to address these separate issues a new corporate model has spread through
laissez-faire capitalism. It holds that a new barometer of corporate responsibility or as John
Elkington coined in 1994 ‘the triple bottom line’31 will be People, Planet and Profit. This
Trifecta addresses 3 separate but overlapping issues, those being; Economic, Social and
Environmental. This is what constitutes ‘sustainability’ as it was intended to mean when in 1987
the United Nations recognized that, “Sustainable development is development that meets the
needs of the present without compromising the ability of the future generations to meet their own
needs.”32
Not every business that purports to practice sustainable principles are indeed doing so. It
has become so popular as a market tool in the industry that all companies suffer by not
acknowledging this belief system at some level. It seems to be everywhere, but it’s the ultimate
impact these companies are making that counts. Still, with a little research a consumer can check
up on these claims and decide prudently. In the mission statement of people, planet and profit
there are some very principled and well executed companies.
See diagram for further explanation of Sustainability:
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The Economist, Triple Bottom Line, 17 Nov. 2009, http://www.economist.com/node/14301663
Selling Sustainable Solutions, Sustainability-What do we mean?
http://www.sellingsustainabilitysolutions.com/what-is-sustainability/
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Figure 5 Sustainability-What do we mean? http://www.sellingsustainabilitysolutions.com/what-is-sustainability/

Solar Installation with GRID Alternatives. GRID Alternatives is a not-for-profit
company that was created in order to bring renewable solar energy technology to low income
families and communities. They provide job training and solar installation experience to
underserved communities. Through cooperation with socially responsible companies, volunteers
and industry specialists. GRID identifies and certifies locations then facilitates the design,
supply, and install of solar powered equipment.
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It was founded during the 2001 California energy crisis by Erica Mackie and Tim Sears,
professional engineers who were implementing large-scale renewable energy and energy
efficiency projects for the private sector. It has since grown nationally to include Colorado in
2012 following with the New York Tri-State area in 2013, and the Mid-Atlantic regional in
2014. 33 With financial support from partners like, Wells Fargo, SunEdison, Sunpower, Enphase,
Colorado Energy Office, the JPB Foundation, NYSERDA and various others34 GRID is able to
purchase equipment through distributors in the industry usually below market costs. As of
February, 2016 they have installed nearly 6,500 PV systems totaling some 23,000Kw of energy
and reducing carbon emissions by approximately 250 tons.35
GRID took their mission outside the United States and in 2014 began similar projects in
Nicaragua working with local solar companies to lead the installation. They have successfully
completed 17 projects so far that has brought electricity for the first time to residential homes,
community buildings and water irrigation devices in remote villages. Not all promising looking
solar projects will be sustainable however. It happens often in these well-intentioned endeavors
that bringing this technology to impoverished does not in itself cause lasting changes. Through
ignorance and neglect there can be a premature breakdown of equipment. It is not simply that a
community hasn’t embraced the potential changes that the project began but that there hasn’t
been sufficient education and training prior to and during installation. This glaring oversight on
the maintenance of equipment will jeopardize any sustained use and projected lifespan of the
products.
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Grid Alternatives, 3 March 2016, http://gridalternatives.org/about/about-grid
For all donors and partners please see: http://gridalternatives.org
35
GRID Alternatives seminar in Managua, Nicaragua 6 March 2016
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Taking this serious issue into account GRID Alternatives has seen to it that there are
many steps for a community to pass through in order to be granted the opportunity to bring
electricity where due to environmental conditions such as access to their location makes it highly
unlikely to get electricity through a central grid. An official request must first be made by a nongovernmental organization or a representative of the community as in a building owner,
professional, elder or higher authority in the public utilities department is the first step. There
will then be a visit by employee representatives to meet face-to-face with the community and
explain how to form an energy committee to oversee the potential project. This committee has
the responsibility to maintain and utilize it in a responsible manner.
Once there is an agreement between the community and GRID Alternatives there will be
a site visit where technical specialists will assess and design a customized off-the-electric-grid
solar photovoltaic system. In Nicaragua, a local solar company is hired to lead the installation.
Volunteers will be selected from the countryside to assist and receive hands on training by Grid
Alternatives. It has been their practice to give balance in male and female representation. This
also to serves another aspect of the company’s mission which is to spread the knowledge about
solar energy to residents and provide first-hand experience of solar energy installation. Included
on the team of installers will be trip volunteers from the United States of about ten or so that may
or may not have experience in this field. It is also to provide additional funding of the specific
project.
My Experience with the GRID Alternatives International Program. In March 2016,
I participated along with six others from the United States in an installation of an off-the-grid
solar PV system. Among us there were representatives from New York, New Jersey, California,
Colorado and Minnesota. Although our ages ranged from late 20’s to early 60’s the common
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thread was our desire to learn more about the process of PV installation and make an impact in
one small community. Over the course of several days we would live within a small village of
32 families with a total of less than 200 people. This community is several miles from paved
roads or public transportation that would connect it to any larger community. There is also no
connection to electricity because of the lack of infrastructure to supply it from a central grid.
These costs would be unbelievably high to the residents and therefore make it entirely
unfeasible. The families that live in this area make their living through agriculture and raising
farm animals. What there is of surpluses of resources such as milk, beans, corn and wheat must
also be coordinated in order to haul and sell at a main market two hours away over rocky terrain.
The closest health clinic is a 30-minute walk to another small community where GRID
Alternatives has previously worked the previous year to install a similar PV system.
The project I would work on would be for a school building that was built 12 years ago.
This school supports around 30 children of pre-school age through grade school. A dozen
teenagers from the village attend school as well, however due to the lack of resources such as
textbooks and professional teachers brought in from the city that have to make trips back and
forth, these older students can only have classes on Saturdays. It’s one-story structure that is
some 50 feet in length by 20 feet. It is the only building that is not a home for the families in this
village.
See photo below of schoolhouse:
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Photo is courtesy of GRID Alternatives site assessment team, www.GRIDAlternatives.org

The solar housing system unit we set up included external lighting with motion sensors,
internal lighting, and 4 American type outlets. This arrangement would be powered by 4 PV
modules distributed by SunEdison of 265W each. The four panels will produce over 1000W of
useable electricity to be stored in four Trojan T-105 6V batteries wired in series so that there can
be a total of 24V. A Schneider Electric 60A Charge Controller will be fitted on the wall inside
regulating the energy incoming from the panels and distributed to the loads and regulating the
charge of the batteries. A 24V Schneider Electric Inverter will change the Direct Current into
Alternating Current in order to power the outlets which require the AC/DC. This will allow use
of any electronic items plugged into these 4 outlets. DC electricity will power 8 interior lights
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and 6 exterior lights with 3 being equipped with motion detectors in order limit usage and all of
them using LED bulbs in order to maximize energy efficiency.

Illustration courtesy of APEX Home Energy Savings, LLC, http://www.apexsavings.com/solar.php

This particular system will store enough energy to allow for moderate use of power for
two or three days. This will allow there to be continuous power when there are days without
direct sunlight. The community has the responsibility to maintain the batteries by adding
distilled water when needed, periodically clean the components ensure safety, supervise that only
certain low voltage electronics are used and to contact the local solar company when issues arise.
The drive to the community from the town of Boaco displayed a dry, straw-colored
landscape that in some places reminded me of New Mexico. I was later told that this year there
hadn’t been any rain season and so much of the green landscape was non-existent including a
natural lake feed by run-off. A volunteer who had been to the country before attested to this fact.
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After several miles of banging around inside pickups we unloaded the installation equipment and
brought it to the schoolhouse. We split into 3 teams comprised of the 7 of us plus the 2
volunteers from Nicaragua and worked alongside the professionals learning as we went. Inside
the building the heat and humidity were a stark difference to the snow that I left behind in New
York. Just before dark we were split into pairs and went off to meet with our host families. It
was a trip of several hundred feet to my destination which included slopes, a streambed, loose
rocks, low-level branches and plenty of horse and cattle manure. It was absolutely necessary to
use some light source after dark to get around.
I was paired with a young national named José whose English was no better than my
Spanish. However, he did have a cellphone and that poorly served as our translator when
communication would stall. He too had never been to this remote area or lived this simply. Our
host family was a young man in his twenties, his equally young wife and their two precious
children, a girl 5 and boy 2. These darlings were the same ages as my niece and nephew.
We were fed graciously by our host family for each meal. The local diet had much less
animal protein compared to American diets yet we had either some pieces of the freest range
chicken, canned sardines and local cheese at most meals. The typical drink which was sweet and
delicious was called pinol made from ground tortillas, some local fruit juice, sugar and water.
Tortillas were a common sight and rice and beans were served plentifully with every meal.
The home I stayed at did not have running water and required a family member to collect
water from the only water point which was past the school. There was a water tower up on the
hill that gravity feed the water, although when we were there the pump which siphons it up for
collection was broken with no funds at present to fix it. This water source which collects the
agricultural runoff is also the same water that is used for washing up and drinking. We were
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given outside water so we might not get sick during our time there. Mosquito nets were supplied
and we slept on simple wooden cots. The most trying part of the trip was indeed the oppressive
heat at night when trying to fall asleep.

San Juan de Paula, the home where I stayed

The experience of working amongst helpers who spoke another language proved to be a
hurdle in learning the trade and caused some confusion following along. However, everyone
involved which included some community members at times were as friendly as they were
dedicated to the installation. As a layman learning how to install an off-the-grid PV system, I
was struck at how quickly it can be assembled-when all parts are accounted for. During the
installation the local kids were curious and liked to hang around. They had to be removed from
the site from time to time for their safety.
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Thankfully there were no accidents during the install or our time in the community save
for some annoying bug-bites. On the end of the third day at dusk we had an official lighting of
the PV system. Over half the community showed up, children were in attendance, even some
women came which is not typical after dark. There was music and sporadic dancing. The
following day all the school children were given a lesson on solar energy, what makes the
electricity possible, and what exactly had been installed.
By introducing electricity to the schoolhouse the community will have twice the time
available to utilize the building. Before the solar installation there were no lights around and
residents would usually be home by dark which comes earlier during some seasons. Not simply
will the schoolhouse be used during daylight hours for the children but in the evenings for
homework and reading. The adults can use the school as a community center and additional
education in the evenings as well. The 3 teachers that work in the community will have
sufficient time to create lesson plans and grade homework not having to go back and forth from
town as often. Another important use now for the school is it can be an information hub or
collection point in emergencies.
One anticipated consequence will be the ability to charge small electronics such as cell
phones. Local residents indeed have cell phones; the models Americans used only some five or
10 years ago. They enjoy having their phones and taking pictures just as we do and use them
whenever they can afford to charge their phones and purchase phone cards. The cell phones
were for most families the only electronic device they owned. There are no basic phone plans or
cell towers in the area and the reception is very limited except when hiking on top of hills.
The villagers I met were very kind and reserved. I wasn’t made to feel uncomfortable at
all and was only asked a few questions, even by my host family. I expressed what I could about
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the gladness I felt to have the chance to combine an interest I had in sustainable businesses like
the solar industry with tackling the issue of energy inequality. They seemed very happy to be
given the opportunity to enhance their children’s education. We were told we could bring some
small thank you gifts for our host families or offerings to the school. I was fortunate to be able
to include some high school level books on history, politics and literature I bought on the local
economy. For the cutest ones of my host family I was overjoyed to have fortuitously bought two
Latin children’s magazines with a prize inside, one for a boy and girl.

Chapter 5: Nicaragua’s Energy Turnaround and Foreign Interests
Nicaragua’s Turnaround is Beginning to Look Permanent. The change in
Nicaragua’s energy infrastructure has moved swiftly over the last 10 years. In 2006, the
electricity was erratic and insufficient. Due to political bickering and mismanagement in the
electrical grid system looked as if it were never going to meet the current energy demands, let
alone future energy outlooks. There were sometimes blackouts that lasted 6 to 10 hours and
rationing of the meager hours when there was power. This of course only applied to the electric
systems tied into the grid which did not include most rural areas. The economy stalled and
suffered tremendously under chronic power shortages.
The following year the Sandinista government came back into power. This time there
was a concerted effort to work with the private sector and the much stronger energy economy of
Venezuela. The technical and financial assistance from Venezuela allowed them to fix and
update their aging fuel-burning power plants. And while this was done with a continuing
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dependence on oil and coal, this initial phase of energy stability and recovery had worked out
and there was over 40% more energy than Nicaragua was producing five years ago.36
This boom to the energy sector has helped to stabilize the economy and move it into the
second phase of the energy revolution that Nicaragua has nobly set for itself. The ambition to
get off once and for all nonrenewable energy sources like oil which has wreaked havoc on their
economy has put into place a number of initiatives that been bearing much fruit. “Since 2009
Nicaragua is invested approximately $919 million in renewable energy projects” says Nicaragua
was Minister of energy and mines Mr. Emilio Rappaccioli. In 2012, Nicaragua brought in $292
million in foreign investments for renewable energies. As of the end of 2013, Nicaragua gets
around 52% country energy from renewable sources. Incredible when considering it was barely
20% in 2007.
This robust turnaround to Nicaragua’s energy issues has turned it into number one in
Central America for foreign investments of renewable energies and third among Latin America’s
most attractive investments.37 The government has publicly discussed ways to bring electricity
to its rural areas by utilizing its new position to invest in off-the-grid solar roof tops. This is
exactly where Nicaragua is needs to be heading. It has plentiful natural resources to spare that
include its wind power projects like the Eolo wind farm in Rivas funded by a British company,
or the massive Tumarin hydroelectric plant that is projected to be finished this year and provide
nearly half the country’s total energy demand. Geothermal potential resources can potentially
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Tim Rogers, Nicaragua Dispatch, 3 Nov. 2013
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power the country alone twice over and solar energy potential is completely realized then the
country could be producing several times more energy than it consumes.38
A combination of political savvy, huge public support, and strong economic incentives
has brought interest back into investment in Nicaragua. In fact, the push for renewable energy as
unified public support like no other issue in the country’s recent history. “This is one of the few
issues in Nicaragua that has had a clear long-term national vision.” Says director of renewable
resources from the Ministry of energy and mines, Mr. Ivan Cortes. These sweeping changes
have garnered praise from the international community as well as the United States which
recognizes Nicaragua’s incredible shift off of petroleum-based fuel sources to renewables in such
a short amount of time.
Nicaragua has indeed shown the blueprint for other countries with an abundance of
renewable natural capital (like ours) how to move off non-renewable energy sources like that of
oil and petroleum and how it can attract big commercial investments and provide future energy
and economic stability. But it is true that America is indeed a much larger country with various
political, and economical obstacles. Nicaragua had up till 2006 used roughly 14.6 million barrels
of oil a year or in comparison, less than a quarter of what the United States consumes in a day.
Still, the US has been making some policy gains that reflect the initiative of the German model
such as the ‘Low Income Solar Act of 2015’ that allocates over $200 million in loans and grants
through the Dept. of Energy.39 With complementary initiatives like the most recent ‘US Clean
Power Plan’ which will take effect in 2017.40 To stronger policy efforts that sever the
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connection between lower oil and gas prices that scale back investments into the renewable
energy sector, there can be a gradual yet determined overhaul on our own energy dependence to
fossil fuels.
Its sobering to realize that the synergistic cooperation of politicians, businesses and
people is the consequence of long, many unfortunate setbacks for Nicaragua, such as political
upheavals, fluctuating energy prices and shortages, devastating natural disasters like hurricanes,
droughts, and encroaching climate change. It has brought on these changes in energy
infrastructure because it has personally experienced what has happened thus far to its people,
land and economy. It shudders at what is scientifically projected to occur as temperatures and
seas slowly rise. As a small country in Central America, they know its most vulnerable to
climate change. It shares this fate with many other countries and millions around the world in
some the poorest and increasingly driest regions. Yet this revitalization of its energy capabilities
and policies has sparked a renewal that has made it the icon of a country that can turn it all
around when it sees that there may not be another chance to prepare for the next energy calamity,
when it indeed comes.
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Additional Information:

Outlook for solar panel expansion through 2018 in Central America:

http://c1cleantechnicacom.wpengine.netdna-cdn.com/files/2014/09/central-america.jpg

Grid Alternatives, Schematic of the School Solar PV System set up in San Juan de Paula,
Boaco, Nicaragua, March 7-10 2016
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Grid Alternatives, Schematic of the School Solar PV System, GRIDAlternatives.org

For opportunities to explore Nicaragua on a similar cultural and solar energy expedition
please visit:
http://gridalternatives.org/programs/international-program
AND
Spring 2016: Saha Global with its Boston based philanthropic sponsor, Next Step Living
Will begin its own brand of socially conscious solar projects to Nicaragua, along
communities in the Rio Coco vicinity.
It has had a 100% sustainable business success in Ghana and will now spread prosperity on
this side of the hemisphere.

http://sahaglobal.org/opportunities-abroad/global-leadership-program
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